The proposal of hierarchical limit system of risk elements (RE) and persistent organic pollutants (POPs) for agricultural soils is presented. The system is not proposed for forest soils (limits are still missing in the Czech Republic). Two levels of limit values were proposed. The first one is the prevention limit statistically derived from the background values of RE and POPs in Czech agricultural soils. The second one is indication limit derived from the risk of plant growth inhibition (RE phytotoxicity effects where the results of experimental trials were utilised), the risk of food chain contamination (RE transfer from the soil into the plants where the results of experimental trials testing the transfer of RE from soils into plants were used) and human health risks (RE and POPs inhalation, dermal and oral intake where the model following US EPA methodology was calculated). The limit values system should replace current version of legislative norm -Decree No. 13/1994 Coll. The principles of limit values assessment for individual levels of the limits are described.
The limit values of risk elements (RE) and persistent organic pollutants (POPs) concentrations in agricultural soil are defined in the current Czech legislation by Decree No. 13/1994 Coll. These limit values have a status of maximum tolerable values in agricultural soils. Nevertheless, the criteria were derived from available data in the Czech Republic at the beginning of the 1990's and the data corresponded with the load of Czech agricultural soils and also of some European countries. Concerning the risk elements, the limit values stated in the Decree can be defined as rounded 90 percentile of the background values in soil (pseudototal content in extract of aqua regia). Some activities describing the total content of risk elements in the Czech soils (Kulíková et al. 1989 , Beneš 1993 ) went before the proposal of background values of risk elements in Czech agricultural soils . Rather different situation was in setting the limit values for persistent organic pollutants. Czech persistent organic pollutants limits were derived from available external data (especially from the Netherlands) since no relevant data for the Czech soils were available in 1994. As a result, limit values of some individual polycyclic aromatic hydrocarbons in the Decree No. 13/1994 Coll. are lower than their real background values in Czech agricultural soils proposed later . This situation is often misapplied by subjects demanding appropriation of agricultural land for construction purposes because lower levies for the appropriation are assessed in the cases where the limit values are exceeded. The current limit values have a character of statistically derived values and do not represent any specific risk from a scientific point of view. It is very questionable to delimit the suitability of soil for agricultural use by the existence of one value of risk substance concentration. Moreover, the specific measures that should be applied in the cases of exceeding the limit values are missing in the legislation. The current version of limit values in the Czech legislation can be considered outdated. A new version of limit values is based on the principle of hierarchical limit values, differentiated in three levels where an individual level presents specific risks. The first level of limit values is derived from the background values of risk elements (or substances) in agricultural soils and the philosophy of this limit values construction follows German experience (Ruppert 1987 , Regulation BGBl I, No. 36/1999 . Hellmann (2002) defines the principles of the assessment of national soil background values of risk elements when the following must be processed: natural background given by the geology -risk elements contents in rocks and parent materials and risk elements contents in organic matter of soils; the diffusion load given by atmospheric deposition especially (determined the background values of organic pollutants) and the practical questions connected with soil use and its relationship to environmental protection level. The use of suitable statistical methods for the assessment of element background levels in soils (defined as the first level) and also of the higher levels of soil limits is documented by Reimann et al. (2005) . The second level of limit values can be defined for specific risks (microbial activity inhibition, transfer in the plants, and transfer in the ground water). In case of setting the limits for transfer in plants the Czech, as well as the German approach (Lubben and Sauerbeck 1989) use single extraction methods (1 mol/L NH 4 NO 3 , 0.01 mol/L CaCl 2 ) which were also verified by some other authors (Houba et al. 1990 , Száková et al. 2000 , Bakircioglu et al. 2011 , Zhu et al. 2012 ). The third level of limit values is connected with an impact on human health (maximal permissible concentrations (MPC) in the Netherlands, contaminated land exposure assessment in Great Britain) or the threat of ground water contamination (US EPA). The applications of soil decontamination technologies must be used when these limit values are exceed. No unified system of risk elements and POPs soil limit values is available in the EU legislation and individual EU member countries have to use their national systems (respecting different geological and pedological conditions). The principles should be unified in the document called 'soil thematic strategy' that was proposed but not implemented in European context yet because of many disagreements among individual member countries. The proposed approach includes two main steps; the identification of contaminated sites and the elaboration of decontamination plan. Nevertheless, the limits for contaminated sites definition and decontamination target values should be proposed in member countries individually (European Comission 2014).
The principles of assessment of risk elements and persistent organic pollutants limit values into one limit values system for agricultural soils that will be useful for replacement of the current version of the Czech legislation for soil protection are described in the presented article.
MATERIAL AND METHODS
Based on the described principles, two levels of soil limit values, i.e. prevention and indication limits were proposed. The characterisation of proposed limit levels is as follows: prevention limits were derived from the background values of RE and POPs in Czech agricultural soils, while the prevention of indication limits reflects the risk of increased transfer from soil into agricultural plants; in selected POPs and RE also the risk of direct impact on human health via their inhalation, dermal or oral intake on contaminated land is assessed.
The prevention limits of RE and POPs. The prevention limits were derived from the background values of RE and POPs in Czech agricultural soils proposed by Němeček et al. (1996) and Podlešáková et al. (1996) . It must be accepted that the RE background values are strongly depending on the geochemical properties of the soil substrates and were proposed for 13 soil-lithological groups originally. The reduction into two groups was realised for pragmatic reasons. The background values are not relevant for geochemically anomalous soils (mafic rocks, methalogenic zones of acid rocks etc.). The RE background values were proposed for their total contents (HNO 3 + HClO 4 + HF, ISO 14869-1) originally. The conversion of total contents to pseudototal contents (aqua regia extract, ČSN EN 13346) was done by the support of Register of Contaminated Sites (Kubík 2009) The POPs background values were derived by Němeček et al. (1996) on the basis of the research of 560 soil samples of agricultural soils from the area of the Czech Republic. The background values were statistically calculated as two multiples of the standard deviation of geo means or 90% percentiles -GM × GD 2 ) for both groups (RE and POPs). The background values were assessed for every substance of all observed POPs groups, nevertheless the simplification of limit values for legislative process was needed and summary limits were used for some POPs groups. The sum of PAHs was calculated as the sum of 12 substances concentration (anthracene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, benzo(ghi)perylene, phenanthrene, fluoranthene, chrysene, indeno(1,2,3-cd) pyrene, naphthalene, pyrene). The polychlorinated hydrocarbons include limits for sum of seven indication congeners of polychlorinated biphenyls -PCB 7 (28 + 52 + 101 + 118 + 138 + 153 + 180) and sum of DDTs (DDT, DDE and DDD). The hexachlorbenzene and hexachlorhexane ((Σ α + β + γ) and polychlorinated dibenzo-ρ-dioxines and dibenzofurans (PCDDs/Fs) should be analysed only in the case of suspicion of their contents in soil. The background value of PCCDs/Fs was calculated by identical formula on the basis of 102 soil samples taken in the areas of the Czech Republic with different source of the load (Vácha et al. 2005) . The value of International Toxic Equivalent (I-TEQ PCCDs/Fs) of 17 most toxic congeners was calculated (Van den Berg et al. 2006 ) that is considered more suitable for risk assessment than only sum of the PCDDs/Fs concentration.
The indication limit values of food chain contamination and plant growth inhibition. The limits were proposed only for RE on the base of the research of RE transfer from soil into selected plants (triticale, radish) in experimental conditions and into fodder plants (clover, alfalfa and grass species) in field conditions . The dependency of RE mobile contents and selected soil conditions (pH, C ox , soil texture) was evaluated by statistical methods (factor analysis). The comparison of the selected RE total contents (As, Cd, Cu, Hg, Ni, Pb, Th, Zn) and the content in the extract of 1 mol/L NH 4 NO 3 (As, Cd, Cu, Ni, Pb, Th, Zn) characterised as RE mobile fraction (ISO DIS 19730) is the principle of RE indication values assessment. The limit values were referred to RE critical values in eatable and fodder plants (Decree No. 305/2004 Coll.) . No limits of this kind were proposed for POPs.
The indication limit values of human health protection. The limit values were derived from the direct risk of increased POPs and RE (As, Cd, Hg and Pb) contents on human health by their inhalation, dermal and oral intake on contaminated fields. The calculation corresponds with the US EPA methodology (US EPA 2002) and respects the toxicity of the selected substances or elements and the movement duration of farmers on the contaminated land (standard exposition scenario was applied). It is also supported by the experience following from the activities provided in Czech conditions (Zimová et al. 2001) .
RESULTS AND DISCUSSION
Prevention limits. The prevention limits of the RE are shown in Table 1 . The values are different for two soil texture units. The light texture soils include sandy soils, loamy-sandy soils and gravelsandy soils. All the other soil texture groups belong to the standard soils unit. The values present RE contents in the extract of aqua regia. The values were derived from the background values of RE in Czech agricultural soils -the soil geochemical background plus the average diffusion of anthropogenic load . The prevention limits are not valid for the soils developed Table 2 . There is no differentiation of the soil texture units. Moreover, the contents of POPs can be evaluated as total POPs contents in the soil. The background values of POPs in soil depend mainly on the average diffuse anthropogenic load. The proposed POPs prevention of limits derived from the real Czech background values should replace the current maximum tolerable values in the Decree 13/1994 Coll. adopted from Dutch conditions where sandy soils (with low organic matter content) dominate. The undertaken contents of some individual PAHs from Dutch soils and assessed as limit values in the Czech Decree 13/1994 Coll. reach the values under the level of the real Czech background values. These discrepancies lead to the occasional attempts to abuse the POPs limits in the soil (the appropriation of agricultural land).
Exceeding of RE or POPs prevention limits signalizes the increased anthropogenic soil load (over the background values). When the prevention limits are exceeded, the precaution measure is proposed: the use of sludge, dredged sediments or biosolids on the field will be forbidden. This level of limit values has already been partially implemented in the Czech legislation, namely in the Decrees No. 382/2001 Coll. and No. 257/2009 Coll. These Decrees set the conditions for application of sewage sludge and sediments on the agricultural land, respectively. However, the intention is that the prevention limits are a part of comprehensive new Decree that should replace the present Decree No. 13/1994 Coll. They should be valid for all types of substances applied on the agricultural land generally.
The assessment of RE and POPs background values is used in limit values systems of some EU countries, nevertheless the background values definition can be different. The Czech legislation follows German approach where the background values are characterised as the concentration resulting from geological and pedological processes, including diffuse source inputs. This approach with international relevance is described in ISO The indication limit values of food chain contamination and plant growth inhibition. The indication limit values are based on the comparison of RE (pseudo) total contents and their mobile fraction analysed in the extract of 1 mol/L NH 4 NO 3 . The indication limits of food chain contamination for selected elements (As, Cd, Pb, Tl, Hg) considered as zootoxic elements are presented in Table 3 . The indication values for Cd are most complicated when the selection on the basis of soil texture, soil pH, (pseudo) total and mobile Cd contents has to be done. The analysis of both risk element forms (pseudototal and mobile) must be done if the limit values are available. As soon as one limit value (pseudototal or mobile form) is exceeded, it is enough for indication of limit exceeding. The values were derived from the testing of limited plant species number (experimental and field conditions) and the general validity of the proposed values must be accepted. The statistical probabilities of the critical values exceeding in eatable or fodder plants can be resulted when RE indication limits in the soil are exceeded. The precaution defined in the legislation issues from this principle and the testing on individual plants in field conditions must be done.
The limit values of phytotoxic risk elements (Ni, Cu and Zn) indicating the plant growth inhibition that results in significant yield reduction are presented in Table 4 . The principle of limit values assessment is similar (tested on identical plant species) and the exceeding of indication limit values must be confirmed by testing of individual plant species in field conditions. The use of suitable remediation techniques (liming, RE immobilisation) when indication limit values are exceeded will be highly recommended.
The limits for POPs were not proposed because of marginal transfer of POPs from the soil into the plants by transfer via roots into shoots of plants (Trapp 2002) . Nevertheless, some countries have set 'indication limits' for selected POPs substances (Němeček et al. 2010) for different soil use including agriculture (for example Switzerland, PAHs -20 mg/L, PCBs -0.2 mg/L, I-TEQ PCDDs/Fs -20 ng/L) or maximum tolerable values for agriculture soils (Netherlands, I-TEQ PCDDs/Fs -10 ng/kg).
The indication limit values of human health protection. The indication limit values of human health protection were proposed for RE (Table 5) and POPs (Table 6) The transcendence of limit value is confirmed when exceeding: (a) aqua regia extraction and (or) ; (b) 1 mol/L NH 4 NO 3 extraction and both analyses must be done if the limit values are available. dm -dry matter tion, dermal and oral intake was accepted in the proposal (non-carcinogenic risk was not calculated in proposed indication values). The scenario calculates the carcinogenic effect of individual element/substance, the input into human bodies by inhalation, dermal and oral inputs and the time period of exposition (estimated number of days per year). The calculated value is maximum tolerable value and its exceeding leads to human health risk. The precaution defined in the legislation is based on the risk analysis of the site confirmed or excluded human health risk. The similar approach is applied in some EU countries, for example limit value for human health protection is defined as decontamination limit for chlorinated substances in the soils of Germany (Federal Ministry of Justice and Consumer Protection of Germany 1999). It could be concluded that the proposed version of limit values for the legislation would fundamentally improve the current version (Decree No. 13/1994 Coll.) . The principle of maximally tolerable values that is presenting no actual risk will be replaced by the system of hierarchical limit values referred to as an individual level of the risk and followed by appropriate measures in the cases when limits are exceeded. The first version of hierarchical limit values was proposed in 2002 (Sáňka et al. 2002) . Nevertheless, its enforcement regarding the successful legislation process is made more complicated by different lobbies and the necessity of Soil Protection Act No. 334/1992 Coll. amendment (only one level of limit values is defined in the current version). The last chance of Soil Protection Act amendment was disrupted after the dissolution of the Chamber of Deputies in 2013. The legislation process is running again these days and the amendment of the Degree No. 13/1994 Coll. should follow as soon as possible. 
